
Introduction 

Protecting healthcare providers (HCP) from infection has been a highly prioritized 
goal during the management of the coronavirus 2019 (COVID-19) pandemic caused by 
the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. While respirato-
ry droplets and contact transmission are recognized as the most important routes of 
transmission for SARS-CoV-2, airborne dissemination of the virus may occur in settings 
where aerosol generating procedures (AGPs) are performed [2,3]. It is recommended that 
HCP use airborne, droplet and contact precautions personal protective equipment (PPE) 
during AGPs performed on suspected or confirmed COVID-19 patients [4–6].  
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Background: Protection of healthcare providers (HCP) has been a serious challenge in the 
management of patients during the coronavirus 2019 (COVID-19) pandemic. Additional 
physical barriers have been created to enhance personal protective equipment (PPE). In 
this study, user acceptability of two novel barriers was evaluated and the performance of 
airway management using PPE alone versus PPE plus the additional barrier were com-
pared. 
Methods: An open-label, double-armed simulation pilot study was conducted. Each par-
ticipant performed bag-mask ventilation and endotracheal intubation using a GlideScope 
in two scenarios: 1) PPE donned, followed by 2) PPE donned plus the addition of either 
the isolation chamber (IC) or aerosol box (AB). Endotracheal intubation using videolaryn-
goscopy was timed. Participants completed pre- and post-simulation questionnaires. 
Results: Twenty-nine participants from the Department of Anesthesia were included in 
the study. Pre- and post-simulation questionnaire responses supported the acceptance of 
additional barriers. There was no significant difference in intubating times across all 
groups (PPE vs. IC 95% CI, 26.3, 35.1; PPE vs. AB 95% CI, 25.9, 35.5; IC vs. AB 95% CI, 
23.6, 39.1). Comparison of post-simulation questionnaire responses between IC and AB 
showed no significant difference. Participants did not find the additional barriers negative-
ly affected communication, visualization, or maneuverability. 
Conclusions: Overall, the IC and AB were comparable, and there was no negative impact 
on performance under testing conditions. Our study suggests the positive acceptance of 
additional patient protection barriers by anesthesia providers during airway management. 

Keywords: Aerosols; COVID-19; Healthcare acceptability; Infectious disease transmis-
sion; Intubation; Personal protective equipment; Protective device. 
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Inadequate supply of appropriate PPE has been an ongoing 
worldwide concern, and unacceptably high rates of HCP infection 
and deaths as a consequence of COVID-19 nosocomial spread 
have been partially attributed to the shortage of PPE [7–9]. In ad-
dition, recent simulation studies looking at the protection of HCP 
wearing properly donned PPE found droplet markers on exposed 
neck, ears, hair, and shoes, suggesting that even with available 
standard recommended PPE there is still a potential risk of safety 
breaches and contamination [10,11]. A recent comprehensive Co-
chrane review summarizes the published evidence on PPE pre-
venting infectious disease contamination of HCP, and overall 
found limited certainty in the evidence due to the limited, low 
powered studies [12]. This review stated that covering more ex-
posed body surfaces of HCP can lead to better protection but of-
ten with more difficulty with donning or doffing, and less user 
comfort that can both lead to greater HCP contamination [12]. As 
a response to the inadequate PPE supply and concern for contam-
ination, HCP have considered the use of innovative barrier enclo-
sures during AGPs as supplemental protection against aerosol and 
droplet exposure [13–18]. 

There is wide recognition that acceptability should be examined 
when new interventions in health care are designed and imple-
mented [19]. Both patient and provider acceptance of interven-
tions have been studied, and it has been observed that the degree 
of acceptability can alter the effectiveness and uptake of the inter-
vention [19–22]. During the COVID-19 pandemic, one of the 
first protective barriers proposed was an acrylic aerosol box (AB) 
covering a patient’s head [13]. However, the use of a rigid box has 
been reported to restrict arm movement [14]. Variations on the 
original AB design, and other designs that create isolation cham-
bers (ICs) by utilizing a polyvinyl chloride plastic (PVC) rigid 
frame and a clear plastic bag, have subsequently been described 
[15–17]. However, no studies comparing acceptability of these de-
vices have been reported. 

In this pilot study, we tested two of the novel barrier enclosures, 
the AB and IC, in a simulated environment. The primary objec-
tive was to assess the acceptability of these additional physical 
barriers during a simulated airway management scenario per-
formed by anesthesia providers. Secondary objectives included 
comparing the performance of airway management using PPE 
alone versus PPE plus the additional barrier, comparing the IC to 
the AB and observing potential limitations of the additional barri-
ers. We hypothesize that the addition of a patient barrier will be 
acceptable to anesthesia providers without negatively impacting 
the provider’s ability to perform the simulated airway manage-
ment procedures. 

Materials and Methods 

After Research Ethics Board (REB) approval (Human Research 
Ethics — Western University HSREB 115895, approved May 1, 
2020), an open-label, double-armed pilot study was conducted in 
May 2020 at London Health Sciences Centre (LHSC), a tertiary 
care center in London, Canada. Study participants were voluntari-
ly recruited from the Department of Anesthesia & Perioperative 
Medicine at Western University through a department-wide email 
invitation. Any resident, fellow, or consultant within the Depart-
ment of Anesthesia & Perioperative Medicine at Western Univer-
sity satisfied the inclusion criteria. Since this was a pilot study, a 
sample size of 24 — 12 participants in each group was sought 
[23,24]. The simulation scenario was setup in an operating room 
at LHSC. Participation occurred during regular clinical shifts at 
LHSC so neither additional risk of COVID-19 hospital exposure 
nor any increased use of PPE was incurred by the study. Partici-
pants received a letter of information that was reviewed with a 
study coordinator prior to the simulation, and written informed 
consent was obtained.  

Two physical barriers were assessed — the PVC rigid frame IC 
covered by a clear plastic bag proposed by Cubillos et al. [17], and 
a polycarbonate AB (Supplementary Fig. 1). Participants were di-
vided into two groups by alternating assignment on arrival to the 
simulation. Group 1 was assigned to use the IC and Group 2 was 
assigned to use the AB. Both barriers were pre-constructed and 
ready for use by the participant. One of the study coordinators cut 
vertical armholes in the plastic bag of the IC at approximately 
mid-abdominal level and shoulder-width apart prior to the simu-
lation session.  

A pre-simulation questionnaire was completed by all partici-
pants (Table 1). In an effort to preserve supplies of PPE, partici-
pants were required to wear limited PPE. As a minimum, limited 
PPE required a mask (surgical mask or N95 respirator) and eye-
shield, as these items were anticipated to most interfere with the 
use of additional patient barriers in terms of communication and 
vision, respectively. 

During simulation, all participants, wearing limited PPE first 
performed bag-mask ventilation followed by endotracheal intuba-
tion using a GlideScope (Verathon, USA) with a size 3 blade and a 
7.5 or 8.0 endotracheal tube with a stylet on a mannequin head 
(Airsim Advance X by TruCorp., Ireland). Immediately after, all 
participants wearing the same limited PPE performed the same 
airway management procedures using their assigned additional 
patient barrier. During both scenarios, the participant was al-
lowed to make ergonomic and equipment adjustments according 
to personal preference such as bending of the styleted endotrache-
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al tube, positioning of the equipment, and changes in the height 
of the bed. No verbal cues were given to the participants. 

Time to endotracheal intubation was recorded for all simula-
tions. This was standardized to begin when the participant picked 
up the GlideScope blade and concluded when the endotracheal 
cuff was inflated. All participants received expert assistance for 
airway management — either one of the study coordinators or 
another study participant. Following the simulated activities, the 
participant completed a post-simulation questionnaire (Table 2). 

Both questionnaires consisted of seven five-point Likert-scale 
questions, in addition to one binomial question (question 1) in 
the pre-simulation questionnaire, created for this pilot study to 
address the proposed objectives (Tables 1 and 2) [25]. The prima-
ry outcome of acceptability was assessed by evaluating the five-
point Likert scale median and interquartile range (Q1, Q3) of the 
questions assessing acceptability, where a response of 3.5 or great-
er was considered positive and 2 or less considered negative 
[26,27]. Intubating times for each group were recorded. Partici-
pants identified whether they were assigned to the IC or AB on 
the post-simulation questionnaire to facilitate comparison of the 
IC to the AB. Limitations of the additional barriers were assessed 
through post-simulation questionnaire responses. All question-
naires were completed anonymously. 

Statistical analysis comparing intubating times between PPE 

alone and IC, and PPE alone and AB was completed using a 
paired t-test. Intubating times and post-simulation questionnaire 
results between IC and AB were compared using a non-paired 
t-test. A 95% CI was used, and P value <  0.05 was considered sig-
nificant. 

Results 

A total of 29 participants from the Department of Anesthesia & 
Perioperative Medicine were included in the pilot study (Fig. 1). 
On simulation day 3, the threshold of 24 participants was sur-
passed and the study ended. 

For the questionnaires, responses to the one binomial pre-sim-
ulation question (question 1), and to the seven five-point Likert 
questions in the pre- and post-simulation questionnaire were 
evaluated and the median (Q1, Q3) values were calculated. A 
summary of the pre- and post-simulation questionnaire responses 
can be found in Tables 1 and 2, respectively. Regarding the prima-
ry outcome of acceptability, median (Q1, Q3) values for the pre- 
and post-simulation questions assessing acceptability to anesthe-
sia providers were all positive (>  3.5), indicating acceptability of 
the additional barriers (Figs. 2 and 3, respectively).  

Intubating times were assessed for limited PPE (30.1 ±  11.7 s), 
Group 1 IC (31.4 ±  20.1 s), and Group 2 AB (31.3 ±  23.3 s). Intu-

Table 1. Pre-simulation Questionnaires and Median Responses

Questions and Likert Scale Response Median (Q1, Q3)
1. I have used an aerosol tent as an additional patient barrier during AGP 2 (2, 2)
2. I am familiar with the aerosol tent as a patient barrier 3 (2, 4)
3. During the COVID-19 pandemic, I worry about exposure to aerosolized viral 5 (4, 5)
4. Additional patient barriers are appealing during AGP 4 (4, 5)
5. An aerosol tent will help protect providers during AGP 4 (3, 5)
6. I worry about the impact of an aerosol tent on my performance during AGP 4 (3, 4)
7. Enhanced PPE is sufficient protection during AGP 3 (3, 4)
8. I would like additional patient barrier protection during AGP, in addition to current PPE 3.5 (3, 4)
1 → 5 = Strongly Disagree → Strongly Agree. AGP: aerosol generating procedure, COVID-19: coronavirus 2019, PPE: personal protective 
equipment.

Table 2. Post-simulation Questionnaire and Median Responses

Questions and Likert Scale Response Median (Q1, Q3)
1. The aerosol tent/box allowed me to perform all aspects of patient care required (BMV, intubation, etc.). 5 (5, 5)
2. The aerosol tent/box negatively affected my communication 1 (1, 2)
3. The aerosol tent/box was difficult to look through to see what was required 1.5 (1, 3)
4. The aerosol tent/box impeded my movement 2 (1, 4)
5. The aerosol tent/box worked well overall during AGP 4 (4, 5)
6. The aerosol tent/box was easy to assemble and use 4.5 (4, 5)
7. Use of an aerosol tent/box during AGP in addition to my PPE will be safer 4 (4, 5)
1 → 5 = Strongly Disagree → Strongly Agree. BMV: bag-mask ventilation, AGP: aerosol generating procedure, PPE: personal protective equipment.
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bating times for PPE to IC and PPE to AB (95% CI, 26.3, 35.1, P 
=  0.752; 95% CI, 25.9, 35.5, P =  0.824; respectively) and IC to AB 
(95% CI, 23.6, 39.1, P =  0.995) were compared and there was no 
statistically significant difference between any of the groups. 

Post-simulation IC and AB questionnaire responses to assess 
the primary outcome demonstrated no significant difference be-
tween IC and AB for all questionnaire responses (questions 1–7: P 
=  0.580, P =  0.899, P =  0.642, P =  0.944, P =  0.613, P =  0.127, 
P =  0.181, respectively) (Fig. 4). 

Post-simulation responses regarding communication, vision, 
and movement indicated the participants did not find the addi-
tional barriers limiting (median [Q1, Q3] responses 1 [1, 2], 1.5 
[1, 3] and 2 [1, 4], respectively) (Fig. 5). 

Discussion 

As much is still being learned about COVID-19, several key 
points suggest the importance of enhanced barrier protection. Vi-
ral particles have been found on surfaces and in the air up to 4 m 
from patients, and viable on surfaces for up to 72 h and as aerosols 
for at least 3 h [3,28]. Studies investigating respiratory and cough 
particles have shown contamination of HCP wearing standard 
PPE, while an AB or plastic drape reduced macroscopic contami-
nation of the HCP and the environment [11,14,18]. 

Our data suggests additional patient barriers are acceptable to 
anesthesia providers during simulated bag-mask ventilation and 
endotracheal intubation using videolaryngoscopy. The majority of 
participants in this study had not used an additional patient barri-
er prior to the simulation, but stated they worry about aerosolized 

viral particles and found additional patient barriers to be appeal-
ing. While studies have described limited arm movement with the 
AB design [14,15], Cubillos et al. [17] did not report restrictions 
of movement with the IC design. Overall, participant responses 
indicated that the additional barriers were easy to use, allowed for 
all simulated airway management maneuvers to be executed, and 
had the potential to complement the current PPE clinical safety 
measures. 

The results in this study show a high acceptance rate of addi-
tional barriers to protect anesthesia providers and indicate that 
implementation would likely be effective with a high user uptake. 
This data is translatable to other anesthesia providers, although 
situational variations encountered in daily practice can limit wide-
spread applicability in all circumstances. The additional patient 
barriers also have the potential for use in a variety of other clinical 
settings where risky AGPs are performed. The absence of ob-
served limitations to using a barrier in this study may not be ap-
plicable to all other scenarios. 

Limitations of this study include the physical, psychological, 
and semantic realism of the simulation environment that differ 
significantly from the real clinical environment where challenging 
circumstances such as a potentially difficult airway can signifi-
cantly affect airway management outcomes and overall accept-
ability of the barriers [29]. Additionally, the results cannot be ex-
trapolated to conclude that similar results would be obtained 
during airway management using different equipment, such as di-
rect laryngoscopy or a supraglottic device. There was no random-
ization in this study, as participants were alternately allocated 
upon arrival to the simulation, although their arrival was not 

Assessed for eligibility (n = 29)

Analyzed (n = 15)
• Excluded from analysis (n = 0)

Analyzed (n = 14)
• Excluded from analysis (n = 0)

Excluded (n = 0)

Alternate Allocation (n = 29)

Allocated to Group 1 (n = 15)
• Recived allocated intervention (n = 15)

- 10 consultants
- 4 fellows
- 1 resident

Allocated to Group 2 (n = 14)
• Recived allocated intervention (n = 14)

- 8 consultants
- 1 fellows
- 5 resident

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Lost to follow-up (n = 0)
Discontinued intervention (n = 0)

Allocation

Follow-up

Analysis

Fig. 1. CONSORT flowchart of participants enrolled in the pilot study, including allocation, follow-up, and analysis.
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Want additional barriers

Enhanced PPE sufficient

Worry about impact of barrier on 
performance

Additional barriers will  
help protect HCP

Additional barriers are appealing 
during AGPs

Worry about aerosolized virus 
exposure

Perform BMV/Intubation

Worked well overall

Easy to use

Safer during AGPs

Acceptability: Pre-Simulation

Acceptability: Post-Simulation

–100%

–100%
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–60%
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–20%
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10%
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28%

28%

10%

–3%

3%
35% 99%

48% 67%

34% 88%

52% 10%

50% 38% 0%

48% 42%

Fig. 2. Pre-simulation questions assessing the acceptability of additional barriers to anesthesia providers. PPE: personal protective equipment, 
HCP: healthcare providers, AGP: aerosol generating procedures.

17%

52%

18%

18%

31%

48%

52%

35%

45%4%

83%

Fig. 3. Post-simulation questions assessing the acceptability of additional barriers to anesthesia providers. BMV: bag-mask ventilation, AGP: 
aerosol generating procedures.

■ Strongly Disagree
■ Disagree
■ Neutral
■ Agree
■ Strongly Agree

■ Strongly Disagree
■ Disagree
■ Neutral
■ Agree
■ Strongly Agree

planned or pre-arranged. A selection bias might result from hav-
ing volunteers. Finally, all participants performed the AGPs with 
PPE alone prior to the additional barrier and may have become 
more familiar with the mannequin airway. 

Further research into the additional patient barriers is warrant-
ed before they can be safely recommended for clinical use. Barri-
ers may inadvertently create a false sense of security causing more 
harm than benefit. Additionally, prior to the use of any additional 
patient barrier, HCP should receive proper orientation and simu-
lation-based training in order to optimally benefit from the de-
vice. However, there is no evidence that novel barrier devices are 
associated with less viral transmission. Each barrier, although in-
tuitively appealing, could have unintended consequences such as 
infection transmission caused by PPE breaches or inadequate 
doffing and cleaning between uses. Quantitative studies compar-
ing barriers, and examining their enhanced level of protection are 
pertinent and needed. Moreover, investigating other barrier mod-

ifications, such as the application of continuous suction to create a 
negative pressure environment and flow to further enhance the 
safety of the environment, is essential. In the long-term, it will also 
be crucial to monitor any meaningful and significant difference in 
the rate of nosocomial spread with the addition of patient barri-
ers. 

Overall, with the worldwide crisis generated by this pandemic 
that significantly impacts HCP safety and health care system sta-
bility, we have learned that further study is warranted when new 
tools are introduced as potential devices that might impact critical 
outcomes. This novel study is the first to assess the acceptability of 
additional patient barriers, and to further compare two differently 
designed devices. Our pilot data suggests that anesthesia provid-
ers positively accept the use of additional patient barriers during 
AGP and there would be support to have these barriers as an op-
tion to complement the standard PPE recommendations. 
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Fig. 4. Post-simulation questionnaire average responses for five-point Likert scale questions. Comparison between Group 1 IC and Group 2 AB 
for questions 1–7. IC: isolation chamber, AB: aerosol box.
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